N-methylation of anthracyclines modulates their cytotoxicity and pharmacokinetic in wild type and multidrug resistant cells.
Anthracyclines are the most commonly used classes of anticancer agents in chemotherapy. Development of resistance to these molecules is one of the major reasons for treatment failure. The overexpression of the membrane transporter P-glycoprotein (P-gp) is among the principal mechanisms involved in this phenomenon. This pump, which is responsible for the multidrug resistance (MDR) phenotype, decreases the toxicity of a wide range of unrelated anticancer drugs by increasing their cellular efflux. Structure-activity relationship experiments have shown that the positively charged amino group of the anthracyclines could be responsible for their transport by P-gp. Here, we used three new anthracyclines that shared the same chromophore but differed by the degree of N-methylation of their sugar moiety. Oxaunomycin (OXN) possessed a non-methylated amino group, while LB-1 was monomethylated and beta-clamycin T (BCT) was dimethylated. In sensitive cells (FLC), reduced cytotoxicity was related to the level of N-methylation; whereas in resistant cells (DOX-RFLC(1) and DOX-RFLC(2)) overexpressing different levels of P-gp, increased N-methylation enhanced anthracycline cytotoxicity. Decreased resistance in DOX-RFLCs was associated with an increased drug accumulation due to a reduced cellular efflux. As expected, the MDR modulator verapamil decreased resistance to these anthracyclines by increasing the cellular accumulation. These results suggest that N-methylation of anthracyclines circumvents resistance by diminishing drug transport by P-gp in MDR-positive cells. These observations could be the consequence of the steric hindrance created by the methyl group(s) which may impair the interaction between the positively charged amino group and the active site of P-gp.